Abstract
With the successful operation of three 2.3 megapixel, 120Hz readout rate, hybrid pixel array detectors 32 at the Linac Coherent Light Source (LCLS), the SLAC National Accelerator Laboratory detector group is 33 now exploring additional applications based on the same detector platform. These megapixel cameras 34 are based on the Cornell-SLAC hybrid Pixel Array Detector (CSPAD) [1] [2][3], particularly the hybrid pixel 35 detector ASIC. This ASIC, with 194x185 pixels of 110x110μm 2 size, is the central component of the 36 CSPAD platform. Two ASICs, bump bonded to a single 500μm-thick high-resistivity silicon pixel array 37 sensor, constitute a 2x1 module, which is the basic building block of all CSPAD cameras. The first 38 detector variant based on this proven platform, the CSPAD-140k, uses two of these blocks, glued to a 39 carrier, building up a 2x2 module with a total of about 140 kilopixels. The CSPAD-140k ( Figure 1) The first measurements performed at LCLS with a large 2.3 megapixel camera revealed that the single 65 photon gain is smaller than expected from simulations and measurements with the prototype system. A 66 comparison is shown in The measurement was performed with an early 2.3 megapixel CSPAD version. The histogram shows the 69 noise peak and the single 8keV photon peak. The measured gain for small signals is 4 times smaller than 70 expected.) Further studies with these cameras showed complex crosstalk behavior between the pixels, 71 partially due to on-chip and partially due to chip-PC-board-system interaction. The CSPAD-140k is 72 especially suited for debugging these effects, as the 2x2 module with 4 ASICs is considerably simpler 73 than the 2.3 megapixel cameras with 64 ASICs, while still using similar electronics and power cycling 74 features. The electronics used in the CSPAD-140k are also much more easily accessible for probing or 75 making modifications. 76 nodes of the comparators exhibit undershoot. This undershoot increases the effective bias current in 87 the comparators, which in turn makes the comparators faster and therefore fire earlier, increasing the 88 correlation of comparator firing. This effect is amplified by the on-board circuitry that is needed for 89 power cycling the LCLS 2.3 megapixel CSPAD cameras: in order to switch the biases on and off at a rate 90 of 120Hz, the nodes cannot simply be tied to a constant voltage. The local power regulators, which have 91 to serve up to 16 ASICs, cannot respond fast enough to sudden changes in supply current when many 92 counters stop clocking. In the current compact camera design, the impulse response on the power 93 nodes feeds through to the ramp generation circuitry. 94
The small signal gain of a pixel depends on the actual ramp steepness the pixel sees around its pedestal 95 value, and therefore on the comparator firing time. 
CSPAD-140k: camera and applications at LCLS 113
The pulsed nature of the LCLS allows using very short integration times. The CSPAD's hybrid pixel design 114 enables electronic shuttering with signal integration times in the microsecond range; therefore, the 115 detector can operate at room temperature without performance degradation from leakage current. For 116 operation in vacuum, the temperature is stabilized by water cooling. For applications which need longer 117 integration times, like experiments at synchrotrons, the design also supports utilization of a Peltier 118 element to cool the detector. Figure 1 shows the basic elements of the CSPAD-140k camera. The camera 119 housing, which includes the detector-ASIC hybrid and support electronics, is approximately 23.6cm long, 120 4.4cm wide and 4.8cm tall. Behind a black kapton window is a 2x2 module with approximately 4cm x 121 4cm active area and about 140 kilopixels. The CSPAD-140k module uses a fiber-optic interface to 122 transfer data to the data acquisition system. Power and trigger signals are routed via a 26pin DSUB 123
connector. The result is a small but robust interface which enables convenient deployment of the 124 detector in an experiment chamber. 125
